Introduction
The skull base is the most inferior area composed of complex bony and soft tissue interface. It is divided into three parts the anterior, middle/central, and posterior skull base. The discontinuation or breakage of the skull base alignment is skull base defect. Such defects lead to cerebrospinal fluid (CSF) leak when there is an abnormal communication between the subarachnoid space and upper airway or digestive tracts.
skull base defect still remains. Therefore, the need of surgical repair to prevent these complications from happening is to be considered. In 1926, Dandy performed the first successful intracranial repair of the CSF leak followed by traumatic skull base defect. 1, 2, 4 Thereafter, the repair of posttraumatic CSF leak has been rapidly advancing with the invention of new technologies, such as endoscope, microscope, etc. The first successful extracranial repair was performed by Dohlman.
Since the introduction of endoscopic sinus surgery in 1981 by Wigand, 2,5-7 it has been progressively replacing the intracranial approaches. Although transnasal endoscopic surgery has a higher success and is minimally invasive, a limitation exists, and in certain conditions, open craniotomy is mandatory. In recent studies, a lot has been discussed about the management and treatment of posttraumatic skull base defects with CSF leak, especially for anterior skull base defect. Still, if we summarize it, confusion exists in the following few points: First, how to choose between the conservative or surgical management? Second, how to choose an approach for surgery? Finally, there are no standard guidelines for choosing an appropriate surgical approach. The surgical treatment for posttraumatic skull base defect with CSF leak varies with various factors, and there have been no standard guidelines to follow. Therefore, clinicians often have a dilemma in choosing the best way. Further, the outcome, timing of repair, materials used for repair, and complications also vary with methods. Although there are many studies that have stated the surgical treatment for posttraumatic skull base defect with CSF leak, these studies lack a proper identification of factors that can help surgeons in the easy evaluation of surgical approach for the repair. Therefore, this study aims to perform a retrospective study to further explore the surgical treatment of posttraumatic skull base defects with CSF leak at a tertiary trauma center in China and to determine the most common factors that affect the surgical treatment of posttraumatic skull base defect with CSF leak, thus targeting to provide neurosurgeons, otorhinolaryngologists, and related clinicians with a simple and effective way to evaluate the surgical approach for the defect repair.
Materials and Methods
This study, conducted at Sun Yat-Sen Memorial Hospital of Sun Yat-Sen University, Guangzhou city, PR China, included 144 patients with posttraumatic skull base defects with CSF leak who underwent surgical repair between 1998 and June 2016 and fulfilled the following criteria.
Inclusion Criteria
• Patients with posttraumatic skull base defect with CSF leak.
• All age group and both the sexes.
• Patients with all types, size, and location of defects.
• Patients with associated intracranial pathologies.
Exclusion Criteria
• Patients with non-traumatic, iatrogenic, spontaneous, or congenital skull base defect with CSF leak.
• Patients with severe extracranial vital organ injuries.
There were 113 males and 31 females with mean age of 26.58 years (range: 1-78 years) included in this study. The study population was divided into two groups on the basis of the surgical approach-transnasal endoscopic 51/144 (35.41%) patients and open craniotomy 93/144 (64.59%) patients. The patients' demographics, mode of injury, clinical state/Glasgow Coma Scale (GCS) on admission, and hospital stay (days) distribution are illustrated in ►Table 1. β-Transferrin test was done to identify the CSF from other bodily fluids, and high-resolution computed tomography (CT) and/or magnetic resonance imaging (MRI) was done to identify the location of the defect and leak. CT scan alone was performed in 91/144 (63.2%) patients, MRI alone in 13/144 (9%) patients, and both CT and MRI in 40/144 (27.8%) patients. CT cisternography and MR cisternography were unavailable at our center; therefore, these investigations were excluded. High-resolution CT was the most frequently used imaging technique for trauma cases to identify and to locate the defects as well as postoperative evaluation (as shown in ►Figs. 1 and 2). For massive injuries, suspected adjacent structures injuries, MRI was done before and after surgery and at the time of followup. The most common mode of injury for both the groups was a road traffic accident 23/51 (45.1%) and 56/93 (60.2%), respectively (►Table 1). The outcome at the time of discharge recorded as the Glasgow Outcome Scale (GOS) in this study and the distribution are shown in ►Table 1. Post or preoperative anosmia/hyposmia was not taken for the neurological deficit. The death of one patient occurred due to the severe brain injuries sustained during trauma and pulmonary infection, leading to multiple organ failures. There was no statistical correlation between surgical approaches and Glasgow outcome score with p > 0.05. Follow-up was maintained with records from outpatient visits and phone calls, and non-responsive patients and dead patients were considered lost to follow-up and were assigned with 0 as followup time. The mean follow-up time was 16.33 months (range: 0-72 months).
Defects Summary
The size of the defect was measured using the CT and MRI images, reports of the CT/MRI imaging, and the intraoperative notes written by the surgeons. The size was divided into defects of size small ( 1 cm) and large (>1 cm) (►Fig. 3). The types of defect were divided according to the nature of the skull base fractures into simple, compound, comminuted, depressed, and complex (i.e., the combination of any two) with the help of CT and MRI imaging (►Fig. 4). The compound defects were the open type of defects with an open fracture of the skull base. The localization of the defect was also done using the CT and MRI imaging technique. The location of the defects was categorized according to Pusic et al 8 as (1) central defects (I) cribriform plate, orbital roof medial ½, the inner wall of orbit, and planum sphenoidale; (2) lateral defects (II) orbital roof lateral ½, a lesser wing of a sphenoid and lateral aspect of the frontal bone; (3) both central and lateral (III) including the frontal sinus defects; and (4) middle skull base defects (IV) petrous and temporal bone defects. These locations are shown in ►Fig. 5.
Surgical Protocol
Open Craniotomy Group Indications: Ninety-three patients with large defects, compound, comminuted, depressed, and complex type of defects; a location unreachable with transnasal endoscope; defects with associated intracranial pathologies; foreign body in situ; massive injuries; and brain herniation had undergone open craniotomy, either extracranial or intracranial, or both in some cases. Incision and flap selection: For anterior skull base defect, patients were positioned supine with head 15°elevated; unilateral or bilateral standard coronal hairline incision was done. Depending upon the requirements of skull base repair, a skin flap was isolated from the superior or inferior galea aponeurotica to the supraorbital margin, and a pedicle flap of 12 to 14 cm x 6 to 8 cm in size was prepared for repair of the skull base defect. The flaps harvested were pedicle frontal periosteal grafts, pedicle flaps or pericranial and galea aponeurotica flaps, pedicled temporalis muscle flap, and pedicle galea aponeurotica superior periosteal flaps.
Surgical routes and defect repair:
The surgeries were performed with the target of the defect repair, taking care of the intracranial pathologies, and sealing the CSF leak completely irrespective of types, location, and size of the defects. Therefore, according to the location classification, the craniotomy was chosen; for type (I), frontal bone was used as a base, and frontal, extended sub-frontal, or a fronto-orbital craniotomy was done. For type II, temporal bone was used as base, and frontotemporal craniotomy was done. For type (III), both frontal and temporal bones were used as a base, and craniotomy was done accordingly. For type (IV) or the middle or lateral skull base defects, the temporal bone and parts of parietal bone were used as a base for craniotomy, and extended pterional or question mark incision with extended temporal craniotomy toward base was done. For the patients with a skull base defects accompanied with intracranial injuries and foreign body, first these were taken care of. Then, with the defects >4 cm in diameter, an artificial dural patch, isolated temporalis fascia or periosteum, was used to repair the dura first. Subsequently, a previously prepared pedicle flap was inverted backward and was tiled on the skull base. The margin of the flap was sutured to the dura mater; biological glue was used in deep areas, which could not be sutured. The small free bone fragments were removed, large ones were realigned, and either titanium plating or an appropriately trimmed titanium mesh was placed between the external dura mater and the flap for the repair of the skull base bone defect. A previously prepared temporalis muscle flap was used to fill in the local residual cavity, which was >5 cm in diameter. For skull base defects with diameter <4 cm, an artificial dural patch, isolated temporalis fascia or periosteum, was used to repair the dural defect, and the pedicle flap was attached to the anterior skull base with sutures or biological glue.
Transnasal Endoscopic Group
Indications: Fifty-one patients with simple, small, location reachable with a transnasal endoscope and with no associated intracranial injuries had undergone transnasal endoscopic repair. A standard transnasal endoscope, Karl Storz endoscopic sinus surgical system (4 mm diameter and 18 cm length with 0°, 30°, and 70°wide-angle endoscope), was used to repair the defect. The side was chosen according to the location of the defect; the 0°endoscope was usually used. The repair was done by muscles and fat paste. The paste was made by mashing the retrieved muscle, which was then used to fill the defect. The muscle graft was retrieved from either quadriceps femoris muscles, fascia lata graft, or fat graft from the thigh. The wound was covered with a gelatin sponge and was filled/supported by an iodoform strip; both of which were removed 1 week after surgery. Decompressive craniectomy with a large bone flap to produce appropriate decompression was done whenever necessary in patients with severe brain injuries and raised intracranial pressure (ICP). Apart from these two surgical procedures, patients with low GCS score requiring critical care had tracheostomy done and were placed on ventilator support.
Postoperative Care
The lumbar drain had been placed postoperatively in patients with large defects from both groups for 7 to 10 days, draining 100 to 150 mL/day, while spinal tapping was routinely done postoperative, and routine CSF analysis was done for early diagnosis of infection and for measuring intracranial pressure. A Pan's drainage tube was placed deep in the surgical field and was removed 3 to 5 days after surgery. A broadspectrum antibiotic, which easily passes through the bloodbrain barrier (metronidazole combined with ceftriaxone or cefotaxime), had been administered to all patients for 1 week. Neurotrophic or antiepileptic medications were administered as required. 
Statistical Analysis
The data analysis was done with IBM SPSS version 23.0, SPSS Inc. A chi-square test or Fisher's exact test, whichever appropriate, was used for categorical variables, and independent samples t-test was used for quantitative variables for descriptive analysis; data were expressed in frequency, percentage, and mean AE standard deviation. Spearman's correlation was used to find the strength of the correlation with the level of significance at p < 0.05.
Results

Effect of Associated Intracranial Pathologies on Surgical Approach
The distribution of patients with associated intracranial pathologies according to surgical approaches is given in ►Table 2. There was a strong correlation (0.540) between associated intracranial pathologies and the two surgical approaches with p < 0.001. The presence of associated intracranial pathologies is an indication for open craniotomy approach to transnasal endoscopic approach. 
Complications
Among the 144 patients, the distribution of postoperative complications is shown in ►Table 4. The cases of hydrocephalus had ventricular-peritoneal shunting (V-P shunt) procedure done. Among the eight cases of hyposmia, two had severely damaged olfactory nerve on the primary trauma that could not be repaired, and two recovered their sense of smell during 2 years follow-up. There was no significant statistical correlation between surgical approaches and postoperative complications with p > 0.05. The correlation coefficients and the p-value are shown in ►Table 5.
Discussion
Identification of Factors
The presence of intracranial pathologies, such as a hemorrhagic contusion, epidural hematoma (EDH), subdural hematoma (SDH), intracerebral hematoma (ICH), etc., is the most important factor predisposing the surgical treatment of posttraumatic skull base defect with CSF leak. 1-3,9-12 This study supports previous studies stating that the presence of intracranial injuries is indicative of open craniotomy rather than a transnasal endoscopic method for the skull base repair.
1-3,9-12
During an intracranial approach not only the osteodural defect repair can be done, but the associated intracranial pathology indicative of surgery can also be taken care of during the same surgery. In this study, two patients with a hemorrhagic contusion, two with SAH, and two with EDH underwent transnasal endoscopic repair as their associated lesions were small and not indicative of surgical evacuation. Therefore, this study still advocates open craniotomy for the repair of posttraumatic skull base defect with CSF leak associated with intracranial pathologies.
Simple skull base defect with CSF leak can be repaired by transnasal endoscopic approach, but compound, depressed, comminuted, and complex type of defect are to be repaired through an open craniotomy approach.
1-3,10-15 In compound, comminuted, depressed, and complex or mixed type of defect, the realignment, removal, and or fixation of fracture is not possible through an endoscope; therefore, in such cases, open craniotomy is mandatory. Also in this study, the comminuted fractures with very small floating bone fragments were removed, and if the defect is large then trimmed, titanium mesh was used, else titanium plates were used to fix the free bone fragments. For depressed fracture, the fracture was first elevated then titanium plates were used to fix the defect. Complex defects were realigned and repaired with either titanium plates or mesh accordingly.
16-18
In corresponding with previous studies, this study identifies types of defect as one of the factors that affect the surgical approach for skull base defect repair. In this study, one patient with compound and five patients with comminuted defects had small defects, which could be easily repaired by transnasal endoscopic repair and no other strong indications for open surgery. We found a strong association that the types of the defect are also an affecting factor in deciding the surgical approach for the repair of posttraumatic skull base defect with CSF leak. The types of the defect are not only an indication for skull base defect repair surgery but also an essential factor for choosing the surgical method as previously discussed in this study. Small defects ( 1 cm) can be repaired easily by transnasal endoscopic approach, but larger defects (>1 cm) require an open approach. [1] [2] [3] 10, 14, 15, 19 In this study there was a strong association between the size of the defects and the approach of surgery that corresponds with the previous studies that larger defects need an open craniotomy approach for the repair meanwhile, the small defect can undergo endoscopic repair. [1] [2] [3] 10, 14, 15, 19 In our study, nine patients with larger defect underwent transnasal endoscopic repair with the other factors being supportive of transnasal endoscopic repair. In argument to Manuel et al 20 who state that endoscopic surgery is a gold standard for any type and size of skull base defect, this study found the size of the defects as a factor not only for choosing a surgical approach but also for choosing the graft and flap for the defect repair. In this study, larger defects were repaired with an artificial dura patch, and isolated temporalis fascia or periosteum was used to repair the dura first. Then, a previously prepared pedicle flap was inverted backward and was tiled on the skull base. Whereas for smaller defects, just an artificial dura patch, isolated temporalis fascia, or periosteum graft was used for defect repair.
Central defects or type I defects can easily be repaired by transnasal endoscopic approach, but lateral defects (II), both central and lateral (III) including frontal sinus defects and middle skull base defects (IV), can only be repaired by an open approach. [1] [2] [3] 9, [11] [12] [13] [14] 19, [21] [22] [23] In this study, a strong relation between the location and the surgical approach was achieved, which denies the fact stated by Manuel et al 20 that location is not a predisposing factor for a surgical approach. Also in this study, no other endoscopic approach apart from transnasal endoscopic approach was done. Therefore, even Bhavana et al 24 being suggestive of the minimally invasive endoscopic approach to frontal sinus posterior wall defects, this study still states that posterior wall of frontal sinus defect is to be repaired by an open craniotomy. The identification of these factors provides an easy way to evaluate the surgical treatment of posttraumatic skull base defects with CSF leak. Prior to this study, no studies, however, have identified factors aiming to facilitate the selection of a surgical method for posttraumatic skull base defects repair as discussed previously.
Outcome
The outcome in this study was measured by the Glasgow Outcome Score (GOS) classifying the patients into good recovery, moderate disability, severe disability, vegetative state, and death at the time of discharge. The death of 1 patient out of 93 patients, operated by intracranial approach, was due to the complications of primary brain injury and long-standing Surgical Treatment of Posttraumatic Skull Base Defects with CSF Leak Thapa et al.
pulmonary infection, leading to multiple organ failures. There were three severe disable patients who were lost to follow-up eventually, and hyposmia/anosmia, either preoperative or postoperative, was not accounted for neurological deficit. There were two cases of visual disturbances in open craniotomy group, which were due to the injury to optic nerve as the result of trauma. The disturbances resolved in 3 years followup in both the cases. In contrast to previous studies, this study found no significant correlation in the outcome and the two approaches although the transnasal endoscopic approach is minimally invasive. 
Patient's Clinical State
In this study, the clinical state or the GCS of patients on admission showed weak, but statistically significant association In this study, the success or failure rates for both the approach were within the reference limits of previous studies. In this study, there were three patients with postoperative infection. Postoperative antibiotics prophylactics were used in all the patients. There are studies that describe the rate of risk of infection in correspondence to location, size, and types of defect in posttraumatic skull base defect with CSF leak. 3, 12, 15, 22, 31 In this study, there was no such encounter. Moreover, infection is an indication for surgery, and this study focuses on the exploring the surgery and the affecting factors for a surgical approach in posttraumatic skull base defect with CSF leak. On the basis of these factors and the surgical treatment at the center of this study, we have tried to make an algorithmic flow chart for the surgical treatment (►Fig. 8).
Conclusion
From this study, we could conclude that size, site/location, and types of the defect and the presence of associated intracranial injuries were the common factors that affected the surgical treatment of posttraumatic skull base defect with CSF leak. These factors were significant not only for choosing the surgical approach, but also for the timing of the surgery, materials used for the repair, and the methods used for the defect as well as leak repair. Hence, the importance of careful evaluation of these factors is essential for proper selection of the surgical approach and for avoiding unnecessary hassles.
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